To describe how cancer treatment influences the dietary behaviors and food preferences of older adult cancer patients and explore associations between these dietary changes and common cancer symptoms. A convenience sample of 800 cancer patients age 55 years and older undergoing cancer treatment completed a self-administered questionnaire which assessed patients' dietary changes, food preferences and aversions since starting treatment, and health outcomes. Descriptive statistics were conducted to examine associations between dietary changes and age groups (categorized as 55-64 years old, 65-74 years old, and 75 years old and older), and multivariable logistic regression was used to assess associations between dietary changes and health outcomes The majority of participants experienced at least one cancer symptom, with fatigue and poor appetite being most commonly reported. About half of respondents reported no change in appetite or thirst, but those who did report a change were more likely to report a decrease in appetite rather than an increase, and more likely to report an increase in thirst rather than a decrease. Most of the patterns were consistent across age groups but the oldest age group (75+) was less likely to report eating less frequently, and less likely to report certain increased taste and smell sensitivities.Characterizing the nutritional needs of older adult cancer patients is the first step in being able to address these needs. Future research is needed to evaluate potential strategies to address nutritional concerns, and to better understand the unique needs of specific subgroups of older adult cancer patients at high risk of experiencing dietary changes (e.g., those with head and neck cancer).
Introduction
Cancer is a disease of aging, the median age of a cancer diagnosis is 66 years, with more than 75% of cancers being diagnosed in adults age 55 years or older 1 . In 2017, it is estimated that there will be approximately 1.68 million new cases of cancer in the United States 2 . Approximately 30 to 85% of cancer patients (depending on cancer type) experience malnutrition 3 . There are multiple mechanisms by which tumors and cancer treatment can lead to malnutrition including affect upon oral function and swallowing, changing resting energy expenditures, and reducing energy intake by reducing appetite, producing chemosensory alterations (i.e., sensitivities to specific tastes or smells), inducing nausea and vomiting, and causing food aversions 4, 5 . For older adults this is particularly problematic because this can exacerbate dietary alterations that are already occurring as part of the normal aging process, including decreased appetite, deteriorating sense of taste and smell, dental status, and early satiation, all which contribute to decreased energy intake [6] [7] [8] .
Malnutrition disproportionately affects older adults and is associated with increased mortality 9 . Malnutrition also negatively impacts quality of life for older adults through multiple domains but these associations tends to be understudied, and nutrition services are not routinely provided to older adults during clinical encounters 10 . Given that older adults are more likely to be diagnosed with cancer, and the number of older adults in the US is increasing 11 , the need to address nutritional challenges of older adult cancer patients will continue to increase in importance. Although there are strategies that can be used to address dietary issues, many cancer patients who could potentially benefit from these services are not being offered nutritional support 3 . There is a need to better understand the nutritional concerns of older adult cancer patients to inform efforts and to address nutrition needs of these patients. The purpose of this paper is to: (1) describe how cancer treatment influences the dietary behaviors and food preferences of older adult cancer patients (age 55 years and older), and (2) explore associations between these dietary changes and common cancer symptoms. were two-sided. All analyses were conducted using SAS 9.4 software (Cary, NC).
Materials and Methods sample

results
The sample for this analysis consisted of 800 adult cancer patients age 55 or older (Table 1 ). Overall the sample was 58.3% female, primarily white (82.2%), about half of participants were diagnosed over a year ago, and chemotherapy was the most prevalent treatment type (89.4%). A little fewer than half of respondents had at least one co-morbidity. Notable differences by age group include the oldest age group (75 years old +) being more likely to have heart disease than other age groups, and being less likely to report undergoing chemotherapy or radiation than the other age groups. 
Cancer symptoms
Eight-four percent of cancer patients age 55 or older reported experiencing at least one cancer symptom, with fatigue being the most common (41.3%) followed by poor appetite, constipation, dry mouth, nausea and gas, all experienced by at least 20% of participants ( Figure 1 ). The frequency of experiencing symptoms was similar across age groups; however, those 75+ were significantly less likely to be experiencing nausea, increased sensitivity to smell, mouth/tongue sores, sore throat, severe pain and sore/bleeding gums than the other age groups.
*p<0.01; **p<0.05 Fig. 1 (Table 2 ). Decreased appetite (39.1%) was more common than increased appetite
Chemosensory alterations
Increased taste sensitivities were more commonly repor ted than decreased taste sensitivities (Table 3) . Cleaning solutions and perfume were the smells most bothersome to participants. When there were age related differences in chemosensory There were no significant age related differences in change in thirst.
alterations, the oldest age group was less likely to experience alterations -this was the case for increased sensitivity to metallic, sweet, and sour flavors. The oldest -age group was also less likely to report sensitivity to the smells of cleaning solutions, perfume, food cooking, and hand sanitizer. 
%(n) reporting decreased taste sensitivity
Food Preferences and Aversions
The foods that participants were most likely to avoid were greasy/fried foods, spicy, and citrus/acid foods. However, those 75 years old older were less likely to report an aversion to citrus/acidic foods than other age groups ( Figure 2 ). Also, participants age 75 years and older were also less likely to prefer salty foods and ethnic foods (i.e., Mexican, Indian, Asian; Figure 3 ), but were more likely to prefer meat. 
Differences in Health Outcomes
In adjusted analyses examining correlates of fatigue, participants who experienced a decreased appetite were 2.04 times more likely (95% CI: 1.35, 3.09) to experience significant fatigue than those whose appetite stayed about the same. Participants who reported a change in frequency of eating -either more often or less often -were also more likely to experience fatigue than those who ate about the same frequency as before treatment (OR: 2.23, 95% CI: 1.38, 3.60 and OR: 1.67, 95% CI: 1.07, 2.63, respectively).
In adjusted analyses examining correlates of weight loss, those who had a decreased appetite were 4.56 times more likely (95% CI: 2.93, 7.08) than those whose appetite stayed the same to report losing 5 or more pounds since beginning treatment. Similarly, those who reported eating less frequently had a 1.98 higher odds of weight loss (95% CI: 1.21, 3.24) than those who ate with about the same frequency as before treatment.
Discussion
Despite advancements in cancer treatment, large numbers of cancer patients are still suffering from nutrition related issues that can impact their quality of life and health outcomes. Our findings are consistent with other studies that demonstrate that cancer and cancer treatment (especially chemotherapy) are associated with dietary changes that can lead to malnutrition 4, 13 . The majority of participants experienced at least one cancer symptom, with fatigue and poor appetite being the most commonly reported. Overall the patterns were consistent across older age groups (55-64, 65-74, 75+). About half of respondents reported no change in appetite or thirst, but among those who did report a change they were more likely to report a decrease in appetite rather than an increase, and more likely to report an increase in thirst rather than a decrease. Increased taste sensitivities were more common than decreased, with increased metallic and sour sensitivities being more frequently reported. About a fifth of participants had sensitivities to the aromas of cleaning solutions and perfume. Across all age groups, participants who had decreased appetite or changes in frequency of eating were more likely to suffer from fatigue and weight loss.
This study expands upon a previous analysis of these data12 to examine potential differences in the ways in which cancer treatment alter the diets among age segments (55-64, 65-74, 75+) of older adult cancer patients. When there were differences by age group, they were consistent with what would be expected given naturally occurring age related changes in nutrition 7 . For example, the oldest age group (75+) was less likely to report eating less frequently, and less likely to report increased taste and smell sensitivities. Appetite decreases with age which may diminish the perceived impact of cancer treatment on amount eaten relative to younger age groups. Similarly, older adults have a dulled sense of taste and smell, 14 so chemosensory alterations might be less apparent. This may also be due to patients over 75 years old being less likely to receive chemotherapy.
There are some limitations of this study that warrant consideration. First, these data are based on a convenience sample, and therefore may not be representative of all adult cancer patients age 55 years or older undergoing treatment. Second, the sample of participants in the 75 and older group is smaller (almost half the size) of the other age groups, which may have limited our ability to detect significant differences for this group. Third, we did not capture pre-treatment weight and height, only the number of pounds lost, so we could not assess percent weight loss; typically problematic weight loss is calculated as a specific percentage of weight loss over a period of time 15 . Finally, all of these data are based on self-report and therefore subject to reporting biases, and the data are cross sectional so we cannot infer causality.
Nevertheless, this study includes a relatively large, diverse sample of older adult cancer patients recruited from multiple cancer centers, and provides detailed data on nutritional challenges, and food preferences/aversions that can be used to inform the development of nutrition support services. Although nutritional screening guidelines exist, 16, 17 many patients with nutritional concerns do not receive support for these needs 3 . Future studies should assess the specific nutritional needs of older cancer patients by cancer type (e.g., head and neck cancer), especially with cancer patients in the oldest age group. The number of cancer survivors age 75 years and older is continuing to grow 11 , and this age group likely has unique needs. Cancer patients in this age group tend to be underrepresented in research studies. This is problematic because there is evidence that the experiences and expectations of these patients may differ from their younger counterparts. For example, they may underreport specific concerns because they view them as a normal part of undergoing cancer treatment and are less familiar with the availability of supportive services 18 .
Nutritional status is a key component of quality of life in older adults, 10 and this makes nutritional assessment in older adults that much more important 6 . Geriatric assessment interventions (which include nutritional concerns) have been found to be effective in identifying and addressing unmet needs of older adult cancer patients [19] [20] [21] . However, geriatric assessments have not been standardized are not routinely conducted for older adult cancer patients 20 . There is a growing body of research on strategies that can be used to address nutritional needs of older adults 8, 22 . For example, Schiffman and colleagues have found flavor enhancement to be an effective strategy for addressing taste and smell losses and improving nutritional status in older adult cancer patients 22 . This study provides insights into the food preferences and aversions of older adults that can be incorporated into nutritional strategies. As nutritional counseling and supportive services are refined and more consistently used, research is needed to evaluate the effect of these support interventions on the health and quality of life outcomes of older adult cancer patients.
